Effect of copper and thiomolybdates on bovine theca cell differentiation in vitro.
Subfertility that will respond to appropriate copper supplementation is a widespread problem in the national dairy herd. The aims of this study were to determine the effect of copper and/or copper chelating thiomolybdates on LH-induced differentiation by looking at the effects on androgen production, steroidogenic enzymes (cytochrome P450 17alpha-hydroxylase and cytochrome P450 side-chain cleavage) and lysyl oxidase mRNA expression in cultured theca cells maintained under serum-free conditions. The effect of thiomolybdates and copper on LH differentiation was investigated by supplementing (ammonium) tetrathiomolybdate to optimum theca cell culture media at 0-100 microg/ml, copper (chloride) at equimolar concentrations (0-51.6 microg/ml) or equimolar combinations of both media. Lysyl oxidase mRNA expression was investigated with semi-quantitative RT-PCR, whilst expression of cytochrome P450 17alpha-hydroxylase and cytochrome P450 side-chain cleavage mRNA was examined using real time PCR. Both PCRs used bovine specific primers and cell lysates obtained from bovine theca cells cultured for 6 days and in the presence or absence of the 100 microg/ml dose of thiomolybdate and equimolar copper thiomolybdate. Thiomolybdate depressed androstenedione production in a dose-dependent manner at doses greater than 1 microg/ml at 96 h (P<0.05); doses above 20 microg/ml were all greatly reduced at all time points and at 192 h when related to numbers of cells (P<0.001). Copper alone had no effect at physiological doses, but the use of the equimolar copper thiomolybdate reversed the effect of tetrathiomolybdates on androstenedione production at the 20 microg/ml dose. Thiomolybdate supplementation, with and without copper, had no significant effect on the level of lysyl oxidase or cytochrome P450 side-chain cleavage expression. However, cytochrome P450 17alpha-hydroxylase expression was significantly increased (P<0.05) by tetrathiomolybdate, possibly due to a local regulatory system. In conclusion, these results demonstrate that thiomolybdates can prevent LH-induced differentiation of bovine theca cells in vitro and that these effects can be ameliorated by copper supplementation. Our results also indicate that it is unlikely that the effects of thiomolybdate are mediated at the transcriptional level and further work is required to determine if thiomolybdate exerts its effects through post-translation processing or some other unrelated mechanism. Overall, these data support the hypothesis that copper responsive subfertility results from perturbation of the normal pattern of ovarian steroidogenesis.